The effects of handling, loading and 12 h of road transportation during the hot-dry season on muscular metabolism of 20 experimental goats administered orally with 100 mg/kg body weight of ascorbic acid (AA) dissolved in 10 ml of sterile water, and other 20 control goats given equivalent of sterile water 40 min prior to transportation were investigated. The result obtained post-transportation showed that handling, loading and transportation were stressful to the goats, especially the control goats and resulted into muscular damage and the development of delayed-onset-muscular-soreness (DOMS), which may lead to dark-firm-dry (DFD) syndrome meat with undesirable effects on its quality. In the experimental goats administered AA such transportation effects were minimal or completely abolished. The result demonstrated that AA reduced the incidence of DOMS and muscular damage in transported goats, therefore it may be used to improve the welfare and quality of meat obtained from goats subjected to long period of road transportation under adverse climatic conditions. Key Words: ascorbic acid; goats, muscular soreness, serum enzymes, transportation stress European Journal Translational Myology -Basic Applied Myology 2010; 1 (4): 193-203 Pre-slaughter conditions of livestock causes complex psychological and physiological changes, induced by rounding-up, handling, loading, transportation, novelty of environment, long standing duration, social disorder, deprivation of food and water and the effect of adverse climatic conditions [26, 29, 34, 39, 40, 52, 54] . These factors can influence animal welfare and subsequent meat quality. Thus, the quality of meat in the market will largely depend on the pre-slaughter conditions of the animal [17, 26] . Substantial studies on the effects of transport stress on the welfare and meat quality of cattle, pigs, horses and poultry are reviewed by Knowles [33] Transportation of goats has expanded from Africa and Asia to the US and worldwide due to the increased demand in goat meat and skin, the latter being highly prized and used in leather industries [7, 29, 30, 40] . The few studies conducted on transportation or preslaughter conditions of goats are done in temperate regions of the world where livestock is predominantly raised intensively [29, 54] . Factors affecting goats transported by road in tropical countries are high ambient temperature (AT), relative humidity (RH) and intense solar radiation occurring during the hot-dry season of the year [40, 42, 54] . In addition, the majorities of goats in tropical regions are reared under extensive management systems and are difficult to handle. This compound the stress encountered during rounding-up, handling and loading, which have been established as the biggest stress factor during road transportation of animals [6, 21, 23, 26, 35, 44] . During transportation, livestock are subjected to physical demands and the energy required to service this demands is enormous and this will have a negative impact on muscles metabolism. In addition, sudden, unaccustomed and exhausted stress or exercise, increase in oxygen uptake by skeletal muscles, and intense production of free radicals, reactive oxygen species (ROS), nitrogen oxygen species (NOS) and Etype prostaglandin release in circulation during stress has been reported to be the major cause of changes in muscle metabolism and delayed-onset-muscularsoreness (DOMS) which may result to dark-firm-dry (DFD) meat [10, 11, 23, 28, 29, 38, 53, 62] . The muscles enzymes activities of creatine phosphate kinase (CPK),
Pre-slaughter conditions of livestock causes complex psychological and physiological changes, induced by rounding-up, handling, loading, transportation, novelty of environment, long standing duration, social disorder, deprivation of food and water and the effect of adverse climatic conditions [26, 29, 34, 39, 40, 52, 54] . These factors can influence animal welfare and subsequent meat quality. Thus, the quality of meat in the market will largely depend on the pre-slaughter conditions of the animal [17, 26] . Substantial studies on the effects of transport stress on the welfare and meat quality of cattle, pigs, horses and poultry are reviewed by Knowles [33] , Fazio and Fernazzo [16] , Warriss [64] Broom [9] , Ferguson and Warner [17] , Gregory [23] , but in goats such studies are still limited in the available literature. Transportation of goats has expanded from Africa and Asia to the US and worldwide due to the increased demand in goat meat and skin, the latter being highly prized and used in leather industries [7, 29, 30, 40] . The few studies conducted on transportation or preslaughter conditions of goats are done in temperate regions of the world where livestock is predominantly raised intensively [29, 54] . Factors affecting goats transported by road in tropical countries are high ambient temperature (AT), relative humidity (RH) and intense solar radiation occurring during the hot-dry season of the year [40, 42, 54] . In addition, the majorities of goats in tropical regions are reared under extensive management systems and are difficult to handle. This compound the stress encountered during rounding-up, handling and loading, which have been established as the biggest stress factor during road transportation of animals [6, 21, 23, 26, 35, 44] . During transportation, livestock are subjected to physical demands and the energy required to service this demands is enormous and this will have a negative impact on muscles metabolism. In addition, sudden, unaccustomed and exhausted stress or exercise, increase in oxygen uptake by skeletal muscles, and intense production of free radicals, reactive oxygen species (ROS), nitrogen oxygen species (NOS) and Etype prostaglandin release in circulation during stress has been reported to be the major cause of changes in muscle metabolism and delayed-onset-muscularsoreness (DOMS) which may result to dark-firm-dry (DFD) meat [10, 11, 23, 28, 29, 38, 53, 62] . The muscles enzymes activities of creatine phosphate kinase (CPK), alanine aminotransferase (ALS), aspartate aminotransferase (AST), and glucose and urea have been shown to be elevated in many stressed animals during transportation and these enzymes are often used in assessing the extent of muscular damage and fatigue [26, 28, 29, 34, 50] . Transported animals that developed DOMS and muscular damage may develop dark-firmdry (DFD) meat, which is an undesirable meat quality [10, 11, 28, 29, 63] . Intervention strategies towards alleviation of road transportation stress in animals have been proposed by administration of analgesic, neuroleptics, electrolytes or supplementing one or more dietary elements, before, during or after transportation [1, 5, 36, 43, 49, 57] . In spite of some attenuating effects of some supplements, others are counter-productive, with greater consequential effects on both animals and humans, some have any effect and lack consistency and efficacy, while some are difficult to obtain and apply by the farmers [17, 20, 48] . There are not many researches aimed to know how to relieve road transportation stress in goats [20, 40] . The identification of an additional agent cheaper, non-toxic, with no withdrawal time and easily administered is of great importance in the field of animal transport and meat quality. Ascorbic acid (AA) is known to be the first vitaminergic neurotransmitter and a potent antioxidant vitamin that protect cells and tissues from oxidative stress and lipid peroxidation [8, 31, 62] . It has been shown to enhance animals' immunity and adaptational capability to environmental stress [41, 42] . There is a reasonably body of evidence supporting the use of AA to reduce the duration of DOMS in humans and laboratory animals [12, 27] . Even though ruminants rely on endogenous synthesis of AA from glucose and may not require supplementation in the diet, nevertheless, during stress, diseases or exercise, the requirement of AA may exceed the synthetic capacity of the liver. The supplementation of this vitamin in a moment of greatest need for the animal can be a potential reserve and an alternative treatment at low cost [14, 25, 37] . The present study was aimed at examining the effects of 12 hours of road transportation on muscle metabolism and the development of DOMS in goats raised extensively during the hot-dry season, and to suggest AA as an ameliorating agent against the development of DOMS and muscular damage in transported goats.
Materials and Methods
Experimental site and meteorological data from the study area The study was conducted at the Livestock Farm, College of Agriculture and Animal Science, Ahmadu Bello University, Kaduna (11° 10´N, 07° 38´E), which is located in the northern Guinea Savannah zone of Nigeria. The goats were transported during the hot-dry season (April) from Kaduna to Makera (12° 31´N, 06° 11´E) and from Makera back to Kaduna, covering a total distance of 600 km. The meteorological data of the ambient temperature (AT), relative humidity (RH) and sunshine duration were recorded at the experimental site at 06:00, 13:00 and 18:00 h daily for 7 consecutive days before and after transportation. Values of these parameters were also recorded hourly during the 12 h transportation period which commenced at 7:00 and ended at 19:00 h, and after unloading the goats from the vehicle at the first, second and third h post-transportation. The AT and RH were measured using a wet-and dry-bulb thermometer (Cocet, Shenzhen-Guangdong, China).
Animals and managements
Forty Red Sokoto goats served as subjects of the study. The goats which included males and non-pregnant females, aged 2.5 to 3 years old and weighing between 23-25 kg were obtained from within the study area 3 weeks before the study commenced, and were housed in a standard goat pen measuring 10 m long by 5 m wide and 2.5 m high. The goats were not restrained inside the pen and were stocked at a rate of 1 m 2 /goat [29] . They were herded out and grazed on an improved natural pasture from 09:00 to 18:00 h each day and were given access to drinking water ad libitum. The pasture on which the goats grazed was characterized by browse shrubs, shoots of guinea corn, maize and guinea corn residues, and groundnut hay. Three weeks to the transportation, the goats were prophylactically treated against ecto-and endo-parasites, and haemoprotozoals.
Experimental design
Two days before transportation, blood sample were obtained from the jugular vein of each goat to established baseline values. On transportation day before the journey, the goats were randomly allocated into experimental and control groups, each consisting of 20 goats. During handling, at 06:00 h before loading, ten goats from each group were blood sampled to obtain pre-loading baseline values. At the same time all the goats in the experimental group were administered ascorbic acid (AA) orally (Sigma Chemical, St. Louis, MO, USA) at a dose of 100 mg/kg body weight [40, 42] , dissolved in 10 ml of sterile water, while each of the control goats was administered orally 10 ml/goat of sterile water. Goats that were blood sampled were coloured-marked for easy identification. Thereafter, they were then loaded into a vehicle. The handling and loading of the goats took about 40 min. After loading, and just before the start of the journey blood samples were quickly obtained from the other ten goats in each group that had not previously been bled to determine the effects of handling and loading. The goats were then transported for 12 h on a tarred road from Kaduna to Makera, and from Makera back to Kaduna at a an average speed of 50 km/h. Food was withdrawn from the goats 6 h before transportation and throughout the 12 h journey, while water was withdrawn only during the journey period [22, 55] . On completion of the journey, the goats were returned to the same pen, offered feed and water and managed as it was done before their transportation. Immediately after transportation, 12, 36 and 60 h after transportation, all the goats in both the experimental and the control groups were blood sampled.
Handling, loading and journey time
The goats were humanely handled, loaded and transported in accordance with the guidelines governing animal transport welfare by road [2, 15, 40, 55] . The loading of the goats was performed individually by two persons between 06:00 to 07:00 h. The rope was long enough for each animal to freely turn and lie down. The goats were stocked at a rate of 0.3 m 2 per animal in an alternated pattern between the groups so as to provide similar condition to all the goats. The journey commenced at 7:00 h and ended at 19:00 h. During the journey the vehicle travelled for 12 h on a typical Nigerian asphalt single lane road, from Kaduna to Makera town and then back to Kaduna, a total distance of 600 km. The vehicle travelled at an average speed of 50 km/h and it was driven by two drivers each in turn for 6 h. In adherence to international transport welfare order the goats were rested for an hour after 8 h transportation period [2] . During the stop, the vehicle was parked in shade to avoid the direct effect of sunlight and rapid build-up of heat inside the vehicle [55] .
Evaluation of muscular soreness
Muscular soreness of the goats was evaluated immediately, and 12, 36 and 60 h after transportation by palpation of the lumbar region and gluteus muscles. Assessment was based upon clinical observations involving appraisal of an apparent reluctance to move, stiffness of gait, and pain response upon palpation of the lumbar and gluteus muscles. A five point scoring system was used to score the muscular soreness with scores 1, 2, 3, 4 and 5 representing no soreness, mild, moderate, considerable and severe soreness, respectively [19, 38] . Animals with any physical injury or abnormal swelling were exempted from the assessment.
Blood collection and serum biochemical analysis
During each blood sampling 5 ml of blood were collected by venipuncture of the jugular vein of each goat using syringes without any anticoagulant. The collected blood samples were taken as quickly as possible to the laboratory, where they were kept at room temperature until the blood had clotted. Thereafter it was centrifuged at 3000 rpm for 10 min and the serum content was kept at -18 °C until analyzed, which was done within 24 h after each blood collection period at clinical laboratory. The serum concentration of glucose, ALT, AST, urea, and CPK were analysed using an automated analyzer (COBAS MIRA, Roche, Nutley, NJ, USA).
Statistical analysis
All data obtained were subjected to Student's t-test and Pearson's correlation analysis. Data were expressed as mean ± standard error of the mean (Mean ± SEM). Values of p < 0.05 were considered significant.
Effect of ascorbic acid on muscles of transported goats

Results
Meteorological conditions
The AT measured during the study period had a mean value of 36. 
Effects of administration of ascorbic acid and transportation on muscular soreness of goats
There was no stiffness of gait or pain response (score 1) in the experimental or the control goats before transportation. However after unloading, the goats were reluctant to walk. Twelve, 36, and 60 hours posttransportation period, the percentage number of goats that developed DOMS and it severity are shown in Table 1 . The results showed that control goats had significantly (P < 0.05) severe DOMS compared with the experimental goats. Values returned to base-line after 12 h and 60 h of post-transportation period in the experimental and control goats, respectively (Table 1) . and 36.9 ± 4.0 iu/l in the control and experimental goats, respectively. The values did not differ (P > 0.05) between the groups. However, after transportation serum AST activities increased (P < 0.05) in the control, while in the experimental goats they did not change. In the control goats AST activities were returned to base-line values 36 h after the transportation (Figure 1 ). Alanine aminotransferase Alanine aminotransferase (ALT) activity in the control goats increased significantly (P < 0.05) from base-line value of 59.8 ± 2.5 iu/l to 69.7 ± 7.8 iu/l post-loading and further to a peak value of 81.5 ± 6.0 iu/l after transportation. In the experimental goats there was no significant (P > 0.05) increase from the post-loading value of 64.9± 6.7 iu/l after the transportation. Baseline concentrations were restored 36 h after the transportation in the control goats ( Figure 2 ). Creatine phosphate kinase Figure 3 show changes in CPK activity pre-and postloading. Serum CPK activity in the control goats, increases during loading (91.5 ± 8.5 iu/l) and maximum values were reached immediately after transportation (95.7 ± 10.5 iu/l) and then decrease gradually to baseline values at 60 h after transportation. In the experimental goats who had supplemented with AA, activity of CPK not showed changes. Figure 4 shows changes in plasma urea concentration pre-and post-loading. There was a decrease in the concentrations of urea from the pre-loading values of 3.1 ± 0.9 mmol/l and 3.2 ± 0.9 mmol/l and to postloading values of 2.1 ± 0.2 mmol/l and 2.7 ± 0.5 mmol/l recorded in the experimental and the control goats, respectively. During transportation the values increased significantly (P < 0.05) in control goats to 3.7 ± 0.7 mmol/l post-transportation and further rose to 3.9 ± 1.1 mmol/l 12 h after transportation. The baseline values were restored 60 h post-transportation. In the experimental goats the urea concentration was not affected by loading or transportation.
Serum biochemistry
Plasma urea
Glucose
Plasma glucose concentration in the control goats increased rapidly (P < 0.01) post-loading (270 ± 10.0 mg/dl) and immediately after transportation (280 ± 9.4 mg/dl) ( Figure 5 ) from the pre-loading value of 184 ± 8.9 mg/dl. In the experimental goats, the increase postloading values (189 ± 5.9 mg/dl) was not significantly (P > 0.05) higher than the pre-loading values (180 ± 4.7 mg/dl). Post-transportation, the concentration of glucose in the experimental goats was higher than that of the pre-loading, but lower than the corresponding value obtained in the control goats. The elevated glucose level in the control and experimental goats was returned to the pre-loading value 12 h after the transportation.
Discussion
The average temperature recorded during the period of the journey was outside the thermo neutrality zone (22-35 °C) established for goats in the tropics [55] . The result demonstrated that the high AT, RH, solar radiation, and the hot-dry air blowing through the goats, coupled with the concomitant effects of road transportation stress did not favour the transportation of the goats, especially during the afternoon hours of the day when the meteorological values attained their highest peak values above the upper limit of supportability for the goats. At this period of the day heat stress was apparent, and posed a significant threat to the homeostatic mechanisms of the goats. The pain response on palpation of the lumber muscles and the stiffness of gaits manifested by the goats 12 and 36 h post-transportation period indicated that muscular soreness was developed by the goats, especially in the control goats. This type of muscle soreness is known as delayed-onset muscular soreness (DOMS), and is common in human and horses after un-accustomed exercise [38, 51, 53] . In the present study, the process of rounding up, handling and loading, novelty of environment, and the to-and fro-movement induced in the goats by the vehicle movement, noise, vibration, the agonistic attack, escape attempt, mounting and long standing or lying down, extreme environmental conditions and confinement altered the metabolism of muscles tissues, apparently resulting in DOMS. Besides, the fact that the goats were raised extensively, not accustomed to handling and confinement in which they were subjected during 12 hours of transportation and another 12 hours of post-transportation in holding, may have exacerbated the stress on muscular activities, as reported by several authors, leading to an increase in free radicals formation and ROS of the body [6, 18, 53] . Animals that are transported under heat stress conditions, as experienced in the present study may develop DFD meat brought about by lack of glycogen in the muscle for energy provision. DFD meat is an undesirable meat quality, reported to occur regularly in transported pigs and ruminants [4, 23, 24, 28, 45, 60, 61] . The less DOMS observed in the experimental goats administered with AA, demonstrated that AA reduced the depletion of muscle glycogen, thus enhanced the ability of the goats to withstand transportation stress factors. Furthermore, AA is known to enhance the synthesis of collagen [8, 53] , a major component of connective tissue, which is found mostly around musculo-tendinous junctions and known to be degraded by free radicals [22, 53] . Similarly AA at higher doses is reported to be an anti-inflammatory agent [27] . The result obtained from this study demonstrated for the first time that AA reduced the incidence of DOMS in transported goats, therefore may be used to improve the quality of meat obtained from goats subjected to long period of road transportation under adverse climatic conditions, especially if the animals are to be slaughtered immediately after the transportation. Further study may be required in this area by using a larger number of animals.
The increase activity of muscle enzymes such as AST, ALT and CPK that we found in blood during the trial, following the handling, loading and transportation, shows an increase in muscle cell permeability and cell damage. These enzymes appear elevated in many stressed animals as a result of physical stress, transportation or exercise and capture myopathy, which often lead to tearing of muscle fibres [6, 11, 20, 29, 53] . When muscle activity begins, blood flow increases but is intermittent. Blood flow decreases as the muscle contracts because of the compression of vessels, and increases during relaxation, a process called the muscle pump. The muscle pump is active when the animal is walking or running, but it is inactive when the animal is immobilized by physical or chemical restraint or is standing in a confined area. In most situations, the muscles of frightened animals that are not running are in a relatively isometric state of contraction, just as it is during transportation. This hinders blood flow into the muscles, which subsequently leads to poor tissue perfusion, decreased heat dissipation, hypoxia and death of the cells and tissue [43] . Animals slaughtered under such conditions may develop DFD meat and may have higher ultimate pH, which is not always ideal for conversion of muscle to meat [28, 45] . The increase in CPK up to 36 h of post-transportation period suggested that the goats suffered muscular damage and were excessively fatigued up to the 36 h post-transportation. The post-transportation recovery period of CPK in this study were longer than the 3 and 24 h recovery periods reported by Kannan et al. [30] and Galipalli et al. [20] , during transportation of goats for 2.5 and 6 h, respectively. The present result showed that long duration of road transportation of goats had a prolong effect on the goats muscles. Kannan et al. [29] observed that the increase of CPK activity in goats is higher in loading and unloading operations compared to the effects determined by the transport itself and feed deprivation. It was also reported that high CPK activity post-transportation may be associated with overcrowding, agonistic behaviours and bruising, especially during prolong holding and feeding at lairage [11, 17, 30] . Results obtained from the experimental goats administered with AA indicated that the increase in the enzymes were slightly higher only during handling and loading. Post-transportation period, the values obtained were not significantly (P > 0.05) different from the pretransportation or pre-loading values. This indicated that AA reduced the permeability of cell membrane and prevented the hypoxia encountered by the muscles that were in isometric contraction during the journey. This finding further indicated that oxygen supply to muscles was not impaired in AA-treated goats, thus reducing the risk of tissue hypoxia and consequent oxidative damage. Furthermore, AA was able to repair tissue injuries often encountered during handling and loading of goats. This finding was in agreement with those of Balz [8] , Tauler et al. [62] , Powers and Jackson [53] and Minka and Ayo [2010] , who showed that AA regulates blood circulation and permeability of cell membranes, enhances synthesis of collagen, responsible for tissue building and scavenging of free radicals or ROS brought about by hypoxia through the donation of free molecule of hydrogen. Handling and loading of goats resulted in a decrease in plasma urea, especially in the experimental goats (P < 0.05). However, in the control goats after transportation the increased (P < 0.05) in plasma urea indicated an increase in protein breakdown. This may be as a result of increase in cortisol concentration and prolong food deprivation which caused breakdown of some protein and nucleic acids in muscles during the stressful transportation conditions [35, 29] . The fact that baseline value of urea was returned to only after 60 h post-transportation indicated the severity of catabolism during post-transportation period. The present findings agree with those of Knowles et al. [35] in cattle, who reported an increase in urea from pretransportation values of 1.5 to 3.6 mmol/l posttransportation during short journey; while during 36-h journey, the increase attained a maximum value of 4.3 mmol/l, and the pre-transportation values were restored only after 72 hours post-transportation. The fact that the pre-transportation value was restored 60 h posttransportation period indicates that the general metabolism of the goats was largely returned to normal by this time. Similar results were obtained in transported calves [34] and roe deer [43] . The nonsignificant increase in urea concentration posttransportation in goats administered with AA indicated that AA reduced the process of tissue catabolism occurring during the stressful conditions. The result is in agreement with the findings of Balz [8] , and Tauler et al. [62] , showing that during normal metabolism and stress, AA protects indispensable molecules in the body like protein, DNA and RNA from damage by free radicals or ROS. The present result demonstrated that the products of catabolism released in the body due to handling, loading and transportation were reduced considerably because AA protected the tissue from damage. The increase in plasma glucose follows post-loading and immediately after transportation, especially in the control goats may be due to increase in glycogenolysis, stimulated by increased secretions of catecholamine and glucocorticoid hormones which are under the control of the sympathetic nervous system [35, 49] . Thus, during the stressful period of transportation the sympathetic nervous system was activated and it triggered the secretion of hormones responsible for the stimulation of glycogenolysis for more production of glucose from the liver and muscles into systemic circulation [29, 32, 54] . The restoration of pretransportation glucose level 12 h after the journey obtained in the present study was longer than the findings of Nwe et al. [46] and Kannan et al. [29] , who reported restoration of pre-transport glucose level in goats 3 and 6 h respectively, post-transportation. Nwe et al. [46] and Kannan et al. [28, 29] , observed that as a response to stress, elevation of glucose concentration was preceded by an elevation of cortisol concentration. Therefore, Sanhouri et al. [56] and Parker et al. [47] reported that plasma glucose concentration may be useful as an indicator of the intensity of stress. Aoyama et al. [3] showed that transportation almost doubled the plasma glucose levels in goats within 15 min, which was caused by an increase in catecholamine secretion from adrenal medulla. It therefore appears that AA inhibited the secretion of catecholamine from the adrenal medulla. AA has been found to be a vitaminergic neurotransmitter it is present in high concentration in the hypothalamus, and is released into the extracellular space by neuronal activity were it inhibit the activation of luteinizing hormone releasing hormone (LH-RH) from the LH-RH terminals located in the hypothalamus, which is known to induce the release of cortisol, the chief hormone of stress [31] . Since body AA was presumed to be depleted during the transportation, its supplementation in the present study may have refueled the depleted AA in the body, consequently improving the body adaptational capability. This hypothesis requires further investigation. It is known that ruminant generally display lower blood glucose levels compared to non-ruminant animals. This situation usually contributes to a lower muscle glycogen content and rate of muscle glycogen depletion, which in part is one of the causative factors in DFD meat [13, 28, 29] . In AA-treated goats the values of glucose post-transportation was not different from the pre-loading value which suggested that AA decreased glycogenolysis, thus inhibiting the release of glucose from the liver and muscles. The results of DOMS and serum enzymes obtained post-transportation, showed that goats that developed severer DOMS had higher values of serum biochemical activities, while goats with mild DOMS had lower values of serum enzymes. The result, for the first time, suggested that DOMS may be used in predicting the extent of muscular damage in transported goats before any laboratory analysis is done. Thus, DOMS may be employed as a diagnostic tool in long distance road transportation stress in goats. Further investigation may be required in this area to evaluate the effects of different journey durations and AA administration on instrumental and sensorial qualities of the goats' meat. It conclusion, 12 h of road transportation was stressful to the goats, and resulted in muscular damage, which lasted for 60 h after transportation. AA may be used to reduce or eliminate fatigue, muscular damage and the incidence of dark-cutting meat, which is a major problem in transported animals intended for slaughter.
The result is of economic importance to meat industries and consumers, especially in countries where standard abattoirs and slaughter houses with designated lairages for resting transported animals before slaughter are completely lacking. In this region of the world, animals are transported directly to the market and are purchased and slaughtered immediately on arrival at slaughter slabs without being properly rested. The administration of AA to goats prior to transportation may therefore, reduce posttransportation lairage duration, fatigue, muscular damage, and consequently, enhance meat quality in the market.
